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Method far Shiminiiig a Main Magnetic Field in Magnetic Resonance 



The invention relates to a method for shimming a main magnetic field in a 
magnetic resonance device, the method comprising the following steps: 

a) generating at least one spatially selective radio fi:equency pidse for 
exciting nuclear spin magnetization ivitiiin a restricted region of the examination volume of 
the magnetic r^onance device; 

b) acquiring a magnetic resonance signal that is sensitive to the 
homogeneity of tiie main magnetic fielcU 

c) applying electric currents to a shim coil arrangement of the magnetic 
resonance device such that the main magnetic field is adjusted in accordance to the properties 
of the ntiagnetic resonance signal acquired in step b). 

Furthermore, the invention relates to a magnetic resonance device for carrying 
out this method and a computer program for a magnetic resonance device. 

Magnetic resonance imaging (MRI) techniques always employ a spatially 
uniform and temporally constant main magnetic field usually referred to as Bo- For the 
purpose of excitation of nuclear spin magnetization witiiin the examination volume of the 
magnetic resonance imag^g device, a Bi radio fi:equency field is supednq^osed on tiie Bo 
field at the respective xm>tQn resonant fiequency . Magnetic resonance devices &rther 
comprise a set of gradient coils for the generation of linear gradient magnetic fields by which 
a spatial encoding of the nuclear spin notagnetization is achieved During the actual MRI 
imagmg procedure pulse sequences consisting of radio frequency and switched gradient 
magnetic fields are applied to an object (a patient) to generate magnetic resonance signals 
which are scanned in order to obtain information therefiom and to reconstruct images of the 
object. The properties of the applied pulse sequence determines completely the characteristics 
of the reconstmcted images, such as locaticm and orientation in the object, dimensions, 
resolution, signal-to-noise ratio, contrast, sensitivity for movements, etcetera. An operator of 
an MRI device has to choose the appropriate sequence and has to adjust and optimize its 
parameters for the respective SQyplication. 

Ideally, tiie main magnetic field is homogeneous (i.e. unifcnm) tiiroughout the 
examination volume of the magnetic resonance imaging device. In practical applications 
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however, mhomogeneilies are present in Ihe main magnetic field which adversely affect the 
quality of the obtained images. Typical magnetic resonance imaging devices therefore 
comprise shimming means for improving and controlling the homogeneity of the main 
magnetic field Passive and active shinGoning techniques ace known in the art. Passive 
5 techniques usually employ an arrangement of shim steel elements for mirtunizing static 

magnetic field inhomogeneities. These techniques, which axe disadvantageously not suited to 
handle field inhomogeneities on a scan-by-scan basis, are mainly used to condensate for 
built-in tolerances of the main magnet of the magnetic resonance device and for static 
environmental side effects. 

10 An arxangCTient of shim coils is usually employed with known magnetic 

resonance imaging devices for the purpose of active shimming. Electric currents may be 
applied to the shim coils in order to generate additional magnetic fields by which 
inhomogeneities in the main magnetic field are compensated for. In the design of known 
shim coil arrangements the magnetic field distribution generated by the electric currents 

15 applied to the shim coils may be described as a linear combination of certain spherical 
harmonics. The first term in such a representaion would be the zero term representing a 
homogeneous, uniform component Then there are three linear gradient spherical harmonics, 
five quadratic components, seven cubic components and so on. Linear and higher order 
spherical harmonics may be suppressed to the greatest possible degree by means of the 

20 electric currents s^Ued to tiie shim coU arrangement so as to leave only the desired zero 
term of the main magnetic field distribution. With known shim coil arrangements thore are 
commonly first order and second order and sometimes evai third order corrections 
implemented to compensate for the corresponding terms of the main magnetic field. 
Advantageously, the active shimming can be adjusted fiDom scan to scan, for example to 

25 compensate for inhomogeneities caused by the specific susceptibility and shape of the patient 
being imaged. There are a number of methods known to determine the electric currents to be 
applied to the shim coil arrangement such that the imiformity of the main magnetic field is 
optimized. Usually magnetic resonance signals are acquired during the shimming procedure, 
and the electric currents are incrementally adjusted xmtil the properties of the magnetic 

30 resonance signals are such that the homogeneity of the main magnetic field can be considered 
optimal. The magnetic resonance signals are sensitive to field homogeneity in that for 
example signal amplitude and spectral width strongly depend on the spatial distribution of the 
main magnetic field. Other metiiods are known in which for example image distortions of 
known objects are evaluated to compute the appropriate shim currents. 
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A drawback of known shimming methods is that the q?ecific shape and size of 
Ihe volume selected by means of one or more spatially selective radio icequency pulses is 
mevitably influenced by the magnetic field distribution of the shim coil arrangement bemg 
adjusted during the shimming procedure. This is because the linear gradient magnetic fields 
5 g^erated by the shim coils interfere with slice-selection gradients having the same direction. 
Changes in the size of the selected volume result in changes of the amplitudes of the acquired 
magnetic resonance signals. These changes may then erroneously be interpreted as being 
caused by an increase or decrease of the homogeneity of the main magnetic field Thus, 
known shimming procedures, which try to optimize the homogeneity of the main magnetic 

1 0 field by maximizmg the amplitude of the acquired signal, are easily confiised as an increase 
of the signal amplitude due to an increase of the size of the selected volume can not be 
distinguished fixm an increase of signal amplitude due to an improved field homogeneity. 

In present magnetic resonance imaging devices operating at low main 
magnetic fields of about 1,5 Tesla or less, the typical strength of the gradient magnetic fields 

15 required foe shimmmg is about 0,2 % of the strength of tiie hnaging gradients. An adjustment 
of the shimming gradients wiU thus lead to a relative change of the size of the selected 
volume of about 0,6 %. At hi^er fields of 3 Tesla or more, tiie effect is significanfly 
stronger, since the strength of the shimming gradients may be up to 4 % of the strength of the 
slice selection gradients. Relative volume changes of the order of 12 % may easily occur 

20 during the shimming procedure in such cases. 

Therefore it is readily appreciated that there is a need for an improved method 
for shimmin g a main magnetic field in a magnetic Tegmiflnfte iwflgitig Hf^yi^^ xtis 
consequentiy the primary object of the present invention to provide a fiWinmmg method in 
which it is avoided that the sh^e or size of the selected volume is influenced by the 

25 adjustment of the magnetic field distribution generated by the shim coils. 

In accordance with the present invention, a method of the type specified above 
is disclosed, wherein the electrical currents applied to the shim coil arrangement are at least 
partially switched off during the generation of the sfpatially selective radio fi:equency pulse in 
step a) and switched on during the acquisition of the magnetic resonance signal in step b). 

50 The invention is based on the finding that the influence of the adjustment of 

the shim gradients on the size and shape of the selected volume can be coimteractedby 
switching off the power supply of the relevant shim gradients during volume selection. 
Changes of the size of the selected volume and thus confusing increase or decrease of signal 
amplitude during shiimning are effectively avoided in this way. 
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It turns out that the method of the invention is particularly useful and 
advantageous in magnetic resonance methods relating to spectroscopy and to spectroscopic 
imaging as well as to ifaree-dimensional image acquisition. In these methods, effective 
control of the homogeneity of the main magnetic field is of high importance. 
5 With the method of the invention it is advantageous to repeat steps a) to c) 

such that the homogeneity of the main magnetic field is optimized iteratively. The procedure 
may be continued until a fbrtiier adjustment of the electric currents ^plied to the shim coil 
arrangement does not have any further effect on the acquired signal. It is also possible to stop 
the procedure as soon as particular properties of the acquired signal, as for example its 

10 amplitude or its spectral width, have reached a desired value. 

A linear gradient magnetic field noiay be temporarily superimposed iipon the 
radio frequency pulse in step a) for the pu3Epose of slice selection by means of an appropriate 
gradient coil arrangement of the magnetic resonance device. The electric currents applied to 
the shim coil arrangement in step c) g^erate linear gradient magnetic fields and possibly 

1 S higher order field components within the examination volume of the magnetic resonance 
device such that it is advantageously possible to switch off only those currents of the shim 
coil arrangement during the generation of the spatially selective radio frequency pulse in step 
a) which generate linear gradient magnetic fields in the direction of the respective slice- 
selection gradient. Since the slice selection gradients are in most cases generated either in the 

20 X-, y-, or z-direction, it is easily possible to coordinate the switching-off of the electric 

currents zpptisd to the shim coils with the generation of the slice-selective radio fiequency 
pulse in step a). 

Accordmg to the invention, Ifae main magnetic field may be adjusted in step c) 
such that the anq)litude of the acquired magnetic resonance signal is maxhmzed and/or the 
25 sfpectral width of the magnetic resonance signal is minimized. The homogeneity of the main 
magnetic field can be controlled in this way by singly aiming at a maximum signal and/or a 
tniTiiTmim spectral width, wherein it is guaranteed that the achieved uniformity of tiie main 
magnetic field is not influenced by the effective volume being selected in step a). 

It is easily possible to incorporate the method of the present invention in a 
30 dedicated device for magnetic resonance imaging of an object placed hi a stationary and 
substantially homogeneous main magnetic field. Such an MRI scanner comprises a 
preferably cryogenic main magnetic coil for establishing the main magnetic field, a shim coil 
arrangement for compensating for inhomogeneities of the main magnetic field, gradient coils 
for generating magnetic field gradients superinoposed upon the main magnetic field, a radio 
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fiequency ant^ma &r xadiating radio fiequency pulses towards the object, control means for 
controlling electric currents sailed to the shim coil arrangement and for controlling the 
generation of tiie magnetic field gradients and the radio frequency pulses, receiving mean's 
for receiving and sampling magnetic resonance signals generated by sequences of radio 
5 frequency pulses and magnetic field gradient pulses, and reconstmction means for forming an 
imag^ from the signal samples. The control means, which is usually a microconiputer with a 
memory and a program control, comprises a programming with a description of a slumming 
procedure according to the above-described method of the invention. 

A coinqputer program ad^qpted for carrying out the shimming procedure of the 
10 invention can advantageously be inogplemented on any common computer hardware, which is 
presently in clinical use for the control of MRI scanners. The computer program can be 
provided on suitable data carriers, such as CD-ROM or diskette. Alternative^, it can also be 
downloaded by a user from an mtemet server. 

The following drawings disclose preferred embodiments of the present 
IS invention. It should be understood, however, that the drawings are designed for the purpose 
of illustration only and not as a definition of the limits of the invention. 
In the drawings 



20 Fig.l shows a diagram of the shimming procedure in accordance with the 

invention; 

Fig.2 shows an embodiment of an MRI scanner of the invention. 



25 WiHx reference to Fig.l, the shimming procedure of the invention con^rises 

tiie generation of a sequence of radio fi:equency pulses KF beginning whh a 90° excitation 
pulse followed by two 180° refocusing pulses in temporal succession. Spatial selectivity is 
achieved by appropriate switching of gradient magnetic fields OZ, GX, and GY in the three 
perpendicular z-, x-, and y-directions in space. The shown sequence of radio firequency pulses 

30 KF and slice selection gradients GZ, GX, and GY excites nuclear spin magnetization within a 
spatially restricted three-dimensional volume. This magnetization contributes to a magnetic 
resonance echo signal ES acquired after the last of the depicted 180^ radio frequency pulses. 
In the figure, the teniporal behavior of electric currents applied to a shim coil arrangement of 
tile entployed magnetic resonance s^aratus is illustrated by SZ, SX, and SY. S2^ SX, and 
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SY represent the strength of linear shim gradients in the z-, x-, and y-directions, respectively. 
The shim gradients SZ, SX, and SY are adjusted m accordance to the amplitude and spectral 
width of the echo signal ES while repeating the depicted sequence for several times. The 
homogeneity of the main magnetic field is considered optimum when the amplitude of the 
5 signal ES is at a maximum and the spectral width of the signal ES, which can be determined 
for example by means of a simple Fourier transfomiation, is at a minimum. As can further be 
seen in the figure, the shim gradients SZ, SX, and SY are switched off during the generation 
of the respective radio fisquency pulses RF in accordance with the invention such that Ihey 
do not interfere with the slice selection gradients GZ, GX, and GY, resfpectively. During the 
10 acquisition of the echo signal ES, all shim gradients SZ, SX, and SY are switched on, thus 
enabling the observation of the effect the adjustment of the shun currents has on field 
homogeneity. 

In Fig.2 a magnetic resonance imaging device 1 is diagranmiatically shown. 
The ^>paratus 1 conoprises a set of main magnetic coils 2 for generating a stationary and 

IS homogeneous main magnetic field. Incorporated into the main magnet is a shim coil 

arrangement 3 for compensating for inhomogeneities of the main magnetic field. Provision is 
made for three sets of gradient coils 4, 5 and 6 for superimposing additional magnetic fields 
with controllable strength and having a gradient in a selected direction. Conventionally, the 
direction of the main magnetic field is labelled the z-direction, the two directions 

20 i)ezpendicular thereto the x- and y-directions. The gradient coils are energized via a power 
supply 7. The apparatus 1 further comprises a radiation enoitter 8, an antenna or coil^ 
emitting radio fi:equency pulses to a body 9, the radiation emitter 8 being coupled to a 
modulator 10 fot generating and modulating tiie radio firequency pulses. Also provided is a 
receiver for receiving the magnetic resonance signals, the receiver can be identical to the 

25 emitter 8 or be separate. If the emitter and receiver are physically the same antenna or coil as 
shown in Fig.2, a send-receive switch 1 1 is arranged to separate the received signals firom the 
pulses to be emitted. The received magnetic resonance signals are input to a demodulator 12. 
The shim coil arrangement 3, the modulator 10, the emitter 8 and the power supply 7 for the 
gradient coils 4, 5 and 6 are controlled by a control system 13 to generate radio firequency 

30 and gradient magnetic field pulses and to adjust the electric currents applied to the shim coils 
in accordance with the above-described shimming procedure. The control system is usually a 
nucrocomputer with a memory and a program control. For the practical implementation of 
the invention it comprises a pr og ram m ing with a description of a shimming procedure 
according to the above-described metiiod. The demodulator 12 is coupled to a data 
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processing imit 14, for example a conspvter, for transfbmmtiQn of fhe leceived magnetic 
resonance signals into an image that can be made visible, for example, on a visual display 
unit IS. 
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CLAIMS: 



1 . Method for shimtning a main magnetic field in a magnetic resonance device, 
the metibiod comprising the following steps: 

a) generating at least one spatially selective radio fi*equency pulse (RF) 
for exciting nuclear spin magnetization within a restricted region of the examination volume 

5 of the magnetic resonance device; 

b) acquiring a magnetic resonance signal (ES) that is sensitive to the 
homogeneity of the main magnetic field; 

c) applying electric currents (SZ, SX, SY) to a slum coil arrangement of 
the magnetic resonance device such that the main magnetic field is adjusted in accordance to 

10 the properties ofthe magnetic r^onance signal (BS) acquired in step b); 

characterized in that liie electric currents (SZ, SX, S Y) apphed to the shim coil arrangement 
are at least partially switohed off during the generation of the spatially selective radio 
^[cqaency pulse (BlF) in step a) and switched on during the acquisition of the noagnetic 
resonance signal (ES) in step b). 

15 

2. Method according to claim 1, characterized in that steps a) to c) are repeated 
such that the homogeneity of the main magnetic field is optimized iteratively . 

3. Method according to claim 1 or 2, characterized in tliat a linear gradient 
20 magnetic field (GZ, GX, GY) is temporarily superimposed xspon Ifae radio fi:equency pulse 

(KF) in step a) for the purpose of slice selection by means of a gradient coil arrangement of 
the magnetic resonance device. 

4. Method according to claim 3, characterized in that the electrical currents (SZ, 
25 SX, SY) applied to the shim coil arrangement in step c) generate linear gradient magnetic 

fields within the examination volimie of the magnetic resonance device. 



S. Method according to claim 4, characterized in that only those currents (SZ, 

SX, SY) applied to the shim coil arrangement are switched o& during the generation of the 
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spatially selective radio fiequency pulse (EtP) in step a) which generate linear gradient 
magnetic fields in the directicm of the slice-selection gradient (GZ, GX, SY) superimposed 
iq>on the radio frequency pulse (RF). 

5 6. Method according to any one of claims 1 to 5, characterized in that the main 

magnetic field is adjusted in step c) such that the amplitude of the acquired magnetic 
resonance signal (ES) is maximized and/or the spectral width of the magnetic resonance 
signal (ES) is rnininaized. 

10 7. Device for magnetic resonance imaging of an object (9) placed in a stationary 

and substantially homogeneous main magnetic field, the device comprising a main magnetic 
coil (2) for establishing the main magnetic field, a shim coil arrangement (3) for 
contpensating for inhomogeneities of the main magnetic field, gradient coils (4, 5, 6) for 
generating magnetic field gradi^ts superimposed upon Ifae main magnetic field, a radio 

15 fi:equency antenna (8) for radiating radio frequency pulses towards the object (9), control 
means (13) for controlling electric currents applied to the shim coil arrangement (3) and for 
controlling the generation of the magnetic field gradients and the radio frequency pulses, 
receiving means for receiving and sampling magnetic resonance signals generated by 
sequences of radio frequency pulses and magnetic field gradient pulses, and reconstmction 

20 means (14) for forming an image fix)m the signal sanq>les, characterized in that the control 
means (13) comprises a programming with a description of a shimming procedure according 
toamethodof any one of claims 1 to 6. 

8. Coniputer program with a program code, characterized in that the program 

25 code enables a shimming procedure according to a method of any one of claims 1 to 6 to be 
carried out on a magnetic resonance device. 
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ABSTRACT: 



The invention relates to a method for shimming a main magnetic field in a 
noiagnetic resonance device. The method comprises the steps of generating at least one 
spatially selective radio fiequency pulse (RF) for exciting nuclear spin magnetization within 
a restricted region of the examination volume of the magnetic resonance device, acquiring a 

S magnetic resonance signal (ES) that is sensitive to the homogeneity of the main magnetic 
field, and applying electric currents (SZ, SX, S Y) to a shim coil arrangement of the magnetic 
resonance device such that the main magnetic field is adjusted in accordance to the properties 
of the acquired magnetic resonance signal (ES). In order to provide a shimming method, in 
which it is avoided that the shape or size of the selected volume is influenced by the 

10 adjustment of the magnetic field distribution g^erated by the shim coils, the invention 

proposes that the electric currents (SZ, SX, SY) applied to tiie shim coil arrangement are at 
least partially switched off during the g^^tion of the spatially selective radio fiiequency 
pulse (EUF) and switched on during the acquisition of the magnetic rescmance signal (ES). 



15 



Fig.l 
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